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(54) TFT with an LDD structure and its manufacturing method 



(57) There is provided a semiconductor device 
including a semiconductor circuit formed by semicon- 
ductor elements having an LDD structure which has 
high reproducibility, improves the stability of TFTs and 
provides high productivity and a method for manufactur- 
ing the same. 



In order to achieve the object, the design of a sec- 
ond mask is appropriately determined in accordance 
with requirements associated with the circuit configura- 
tion to make it possible to form a desired LDD region on 
both sides or one side of the channel formation region of 
a TFT 
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Descripti n 

RArXfiROUNP ^FTMF INVENTION 
1 Field of th e Invention 

[0001 ] The present invention relates to a structure of 
a semiconductor device having a semiconductor circuit 
comprised of semiconductor elements such as insu- 
lated gate transistors and a method for manufacturing 
the same. More particularly, the invention relates to a 
structure of a semiconductor device having a semicon- 
ductor circuit comprised of semiconductor elements 
having an LDD structure formed of organic resin and a 
method for manufacturing the same. Semiconductor 
devices according to the invention include not only ele- 
ments such as thin film transistors (TFTs) and MOS 
transistors but also displays having a semiconductor cir- 
cuit and electro-optical devices such as image sensors 
formed by such insulated gate transistors. In addition, 
semiconductor devices according to the invention 
include electronic equipments loaded with such dis- 
plays and electro-optical devices. 

9 Description of the Related Art 



[0002] TFTs have been conventionally used as switch- 
ing elements of active matrix liquid crystal displays 
(hereinafter abbreviated to read "AMLCD"). The market 
is currently dominated by products having circuits 
formed by TFTs utilizing an amorphous silicon film as 
an active layer. Particularly, a widely used TFT structure 
is the reverse staggered structure, which allows simple 
manufacturing steps. 

[0003] However, the accelerating trend toward AML- 
CDs with higher performance in recent years has 
resulted in more severe requirements on the operational 
performance (especially, operating speed) of TFTs. It 
has therefore become difficult to provide elements hav- 
ing sufficient performance utilizing TFTs comprising 
amorphous silicon films because of their operating 
soeed 

[0004] Under such circumstances. TFTs utilizing poly- 
crystalline silicon films (polysilicon films) have come into 
focus in place of amorphous silicon films, which has sig- 
nificantly accelerated the development of TFTs utilizing 
a noncrystalline silicon film as an active layer. Pres- 
ently, some products have already been introduced. 
[0005] Many reports have already been made on 
structures of reverse staggered TFTs utilizing a poly- 
crystalline silicon film as an active layer. However, con- 
ventional reverse staggered structures have had 
various problems. 

[0006] First, since an active layer as a whole 
employed in such structures is as very thin as about 50 
nm, impact ionization occurs at the junction between a 
channel formation region and a drain region, which 
results in significant deteriorating phenomena such as 



the implantation of hot carriers. This necessitates the 
formation of an LDD region (light doped drain region). 
[0007] It is expected that at least eight masks are 
required (for processes up to the formation of source 
5 and drain electrodes) to form such an LDD region in a 
conventional reverse staggered TFT structure. 
[0008] As described above, in a conventional reverse 
staggered TFT structure, an LDD region must be 
formed in a horizontal plane on both sides or one side of 

10 a channel formation region, which makes it very difficult 
to form LDD regions with reproducibility. 
[0009] It is an object of the invention to provide a tech- 
nique for manufacturing semiconductor devices with 
high mass-productivity, reliability and reproducibility 

is through very simple manufacturing steps. 

^ IMMARY hp mE INVENTION 

[0010] According to a first aspect of the invention, 
20 there is provided a semiconductor device including a 
semiconductor circuit formed by semiconductor ele- 
ments, characterized in that it comprises: 

a gate line provided on an insulated surface; 
25 a gate insulating film in contact with the gate line; 

a channel formation region provided on the gate 
line with the gate insulating f ilm interposed therebe- 
tween; 

a low density impurity region in contact with the 
30 channel formation region; 

a high density impurity region in contact with the 
low density impurity region; 
a protective film in contact with the channel forma- 
tion region; and 
35 organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective film. 

[001 1] According to a second aspect of the invention, 
there is provided a semiconductor device including a 
40 semiconductor circuit formed by semiconductor ele- 
ments, characterized in that it comprises: 

a gate line provided on an insulated surface; 
a gate insulating film in contact with the gate line; 
45 a channel formation region provided on the gate 
line with the gate insulating f ilm interposed therebe- 
tween; 

a low density impurity region provided on one side 
of the channel formation region; 
so a drain region constituted by a first high density 
impurity region in contact with the low density impu- 
. rity region; 

a source region constituted by a second high den- 
sity impurity region provided on the other side of the 
55 channel formation region; 

a protective film in contact with the channel forma- 
tion region; and 

organic resin doped with a trivalent or pentavalent 
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impurity in contact with the protective film. 



[001 2] According to a third asp ct of the .mention, 
{here is provided a semiconductor device includ.ng a 
semiconductor circuit formed by semiconductor ele- 
ments, characterized in that it comprises: 

a gate line provided on an insulated surface; 
a gate insulating film in contact with the gate line; 
a channel formation region provided on the gate 
line with the gate insulating film interposed therebe- 
tween; , i . ., 

a first low density impurity region and a second low 
density impurity region in contact with the channel 
formation region; .„ ,. o 

a high density impurity region on contact with the 
first low density impurity region and the second low 

density impurity region; , . „ 

a protective film in contact with the channel forma- 
tion region; and , . . 

organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective film and in 
that the width of the f irst low density impurrty region 
in the direction of the channel length is different 
from the width of the second low density impurrty 
region in the direction of the channel length. 



amorphous s miconductor films including m.cro-crys- 
tals and micro-crystal semiconductor f ilms. Such semi- 
conductor films include Si films. Ge films and compound 
semiconductor films (e.g.. Si^., (0<X<1) wh«h.san 
s amorphous silicon germanium f ilm. V typically being in 
Grange from 0.3 to 0.95. Such an initial semiconduc- 
tor film can be formed using, for example, low pressure 
CVD. thermal CVD. PCVD. sputtering or the like. 
[0020] In the context of the present specification, the 
,o term "crystalline semiconductor film" implies single 
crystal semiconductor films and semiconductor f ms 
including grain boundaries (including polycrystalljne 
semiconductor films and micro-crystal semiconductor 
films) and clearly distinguishes them from sem.co^uc- 
, 5 tors which are in an amorphous state in its enbrtfy 
(amorphous semiconductor films). When the term 
-semiconductor film" is used in the present specifica- 
tion it obviously implies not only crystalline semicon- 
ductor films but also amorphous semiconductor 1 ilms_ 
so [00211 In the context of the present specification, the 
term "semiconductor element" implies switching ele- 
ments and memory elements, e.g.. thin film transistors 
(TFTs) and thin f ilm diodes (TFDs). 
[00221 A first method for manufacturing a semiconduc- 
25 tor device including a semiconductor circuit formed by 
semiconductor elements according to the invention is 
characterized in that it comprises; 



[00131 ITiere is provided a configuration according to 
each of the above<lescribed aspects, characterized in 
that the gate line has a single-layer or multi-la yer struc- 
ture and is made of one kind of element selected from 
among tantalum, copper, chromium, aluminum, molyb- 
denum, titanium and silicon or a material primarily con- 
stituted by silicon doped with a p-type or n-type impumy. 
[001 41 There is provided a configuration according to 
each of the above-described aspects, characterized in 
that the trivalent or pentavalent impurity is phosphorus 

[0015?" There is provided a configuration according to 
each of the abovedescribed aspects, characterized in 
that the organic resin has photosensitivity. 
[001 61 There is provided a configuration according to 
each of the above-described aspects, charactenzed in 
that the density of the trivalent or pentavalent impurity in 
the organic resin is 1 X 10 19 atoms/cm 3 or more^ 
[001 71 There is provided a conf iguration according to 
each of the abovedescribed aspects, charactered in 
that a catalytic element for promoting the crystallization 
of silicon is included in the high density impurity nvan. 
rod 81 It is also characteristic of the invention that the 
catalytic element is at least one or a plurality of ele- 
ments selected from among Ni. Fe. Co. Ft. Cu and Au 
and that the catalytic element is Ge or Pb. 
[00191 In the context of the present specif cation, ini- 
tial semiconductor film" is a generic term for semicon- 
ductor films which typically means semiconductor films 
having amorphous properties, e.g f^^I 
conductor films (amorphous silicon films and the like). 



a f irst step of sequentially forming a gate insulating 
3 o film and an initial semiconductor film on an insu- 
lated surface having gate lines formed thereon such 
that they are stacked without being exposed to the 

atmosphere: . . 

a second step of crystallizing the initial semicon- 
35 ductor f ilm by irradiating it with infrared light or ultra- 
violet light to form a crystalline semiconductor film 
and an oxide film simultaneously; and 
a third step of covering a region to become a chan- 
nel formation region of the crystalline semiconduc- 
40 tor film with a mask and doping a region to become 
a source region or drain region of the crystal ine 
semiconductor f ilm with the trivalent or pentavalent 
impurity element through the oxide film. 

45 [00231 The first method of manufacture described 
above is further characterized in that it comprises a step 
of retaining a catalytic element for promoting ^ crystal- 
lization of silicon in contact with the surface of the initial 
semiconductor film or within the film after the first step, 
so [00241 Accoiding to the present invention, there is pro- 
vided a second method for manufacturing a semicon- 
ductor de/.ce including a semiconductor circuit formed 
by semiconductor element, characterized in that it com- 
prises the steps of: 

sequentially forming a gate insulating film, an initial 
semiconductor film and an insulating film on an 
insulated surface having gate lines formed thereon 
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such that they are stacked without being exposed to 
the atmosphere; 

crystallizing the initial semiconductor film by irradi- 
ating it with infrared light or ultraviolet light through 
the insulating film to form a crystalline semiconduc- s 
tor film; and 

covering a region to become a channel formation 
region of the crystalline semiconductor film with a 
mask and doping a region to become a source 
region or drain region of the crystalline semicon- w 
ductor film with a trivalent or perrtavalent impurity 
element through the insulating film. 

[0025] The second method of manufacture described 
above is further characterized in that the gate insulating is 
film, initial semiconductor film and protective film are 
formed using different chambers, 
[0026] The second method of manufacture described 
above is further characterized in that the gate insulating 
film, initial semiconductor film and protective film are 20 
formed using the same chamber. 
[0027] The second method of manufacture described 
above is further characterized in that the gate insulating 
film and protective film are formed using a first chamber 
and the initial semiconductor film is formed using a sec- 25 
ond chamber. 

[0028] The configuration of each of the methods for 
manufacture described above is characterized in that 
contaminants on the surface on which the initial semi- 
conductor film is to be formed are reduced using active 30 
hydrogen or a hydride. 

[0029] The configuration of each of the methods for 
manufacture described above is characterized in that it 
comprises the step of forming a multi-layer film including 
a silicon nitride film as any of the layers as the gate insu- 3s 
lating film. 

[0030] The configuration of each of the methods for 
manufacture described above is characterized in that it 
comprises the step of forming a multi-layer film including 
BCB (benzocyclobutene) as a part of the gate insulating 40 
film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 6 is a sectional view showing another example 
of a structure of a semiconductor device according 
to a sixth embodiment of the invention. 

Figs. 7A and 7B are sectional views of an example 
of a pixel matrix circuit portion according to a sev- 
enth embodiment of the invention, and Fig. 7C is a 
plan view of the same. 

Figs. 8A, 8B and 8C are a circuit diagram of an 
inverter, a plan view of the same and sectional 
views of examples of sectional structures of the 
same according to an eighth embodiment of the 
invention. 

Fig. 9 show a circuit diagram and a sectional struc- 
ture of a buffer circuit according to a ninth embodi- 
ment of the invention. 

Fig. 10 illustrates a configuration of a semiconduc- 
tor device (liquid crystal display) according to a 
tenth embodiment of the invention. 
Figs. 1 1 A through 1 1 F show examples of semicon- 
ductor devices (electronic equipments) according 
to a twelfth embodiment of the invention. 
Figs. 12A through 12D show examples of semicon- 
ductor devices (electronic equipments) according 
to the twelfth embodiment of the invention. 
Rg. 13 illustrates an example of a film forming 
device according to the first embodiment. 

PETAILED DESCRIPTION QF PRFEREED EMBODI- 
MENTS 

[0032] Modes for carrying out the invention having the 
above-described configurations will now be described 
with reference to embodiment disclosed below. 
[0033] A first embodiment will now be described. A 
typical embodiment of the present invention will now be 
described with reference to Figs. 1 through 4. The 
present embodiment will be described with reference to 
a CMOS circuit that forms a part of a peripheral driving 
circuit portion and a pixel TFT that forms a part of a pixel 
matrix circuit portion provided on the same substrate. A 
description will be made with reference to Figs. 3 and 4 
on a method for manufacturing a semiconductor device 
including a semiconductor circuit formed by semicon- 
ductor elements according to the invention. 
[0034] A substrate 1 00 is first prepared. The substrate 
100 may be a glass substrate, a quartz substrate, an 
insulating substrate such as crystalline glass, a ceramic 
substrate, a stainless steel substrate, a metal (tantalum, 
tungsten, molybdenum or the like) substrate, a semi- 
conductor substrate, a plastic substrate (polyethylene 
terephtalate substrate) or the like. In the present 
embodiment a glass substrate (Coning 1 737 having a 
distortion point at 667*0) is used as the substrate 100. 
[0035] Next, an underlying film 101 is formed on the 
substrate 100. A silicon oxide film, a silicon nitride film, 
a silicon nitride oxide film (SiO x N y ) or a multi-layer con- 
sisting of such films may be used as the underlying film 
101. The underlying film 101 may have a thickness in 



Fig. 1 is a sectional view showing an example of a 
structure of a semiconductor device according to a 
first embodiment of the invention. 
Figs. 2A and 2B are plan views of a pixel matrix cir- so 
cuit and a CMOS circuit of the first embodiment. 
Figs. 3A through 3F illustrate steps for manufactur- 
ing TFTs according to the first embodiment. 
Figs. 4A through 4E illustrate steps for manufactur- 
ing TFTs according to the first embodiment. 55 
Fig. 5 is a sectional view showing another example 
of a structure of a semiconductor device according 
to a fifth embodiment of the invention. 
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the range from 200 to 500 run. In the present ernbod. 
ment a silicon nitride film having a thickness of 300 nm 
warmed as the underlying film 101 to prevertcon- 
Sntnt from spreading from the 
Althouah the present invention may be implemented 
S the undedying film, the underlying jl i.nn £, prefer- 

provided to achieve good TFT character.st.es. 
[0036] A gate line 102 having a single-layer or mutt.- 
ayVstructure is formed (Fig. 3A). The gate hne102 
has a structure including at least one layer pnrnanty 
SnsLted by silicon (Si), silidde or the Mpjrt «* 
a conductive material or a sem.conductor matenale.g. 
aluTnum (Al), tantalum (Ta). copper .(Q* 
(Nb). hafnium (Hf). zirconium (Zr). ^™ ™ 
mium (Cr) or a p-type or n-type impurrty. In the present 
rrJiment. the^ate line 102 has amuW struc- 
ture constituted by a tantalum layerlOZa . hanng a tan- 
talum oxide layer 102b on the surface ^-'""J 
present embodiment, the gate l.ne was formed by pat 
terning a tantalum film and by ox.diz.ng the surface 
ZZ through anodization thereafter isa 
preferable material that causes less shrft of the thresh 
ow of a TFT because its work function is dose to that of 
sScon The gate line 102 used preferably has a th.ck- 
nS?n the range from 10 to 1000 nm. more preferably. 
Sange from 30 to 300 nm. A step may be adopted 
to form an anodic film or insulating f .lm only on the sur 
See or upper surface of the gate line. In order to prevert 
SSSrom spreading from the substr^e and gate 
Z to the gate insulating film during , mam* cfcff* a 
step may be added to form an .nsulat.ng f lm , tc .cover 
L gate line and substrate. When a 
„nes are formed from a large substrate, at tart on* 
layer made of copper may be formed on the > gate lines 
using plating or sputtering. Which .s preferable ,n reduc 

US "SSSZ KSSn gfilm 103 and aserdcon- 
52 f am W are sequentially formed into a mu W 
oi , aye rs without exposing them to the atmoaphere (Rg 
3B). While any means such as plasma CVD art sput 
ter ng may be used to form them at 1h.s t.me rt is .mpor- 
tent to block them from the atmosphere °*er to 
oTevent any contaminant in the atmosphere from stodc- 
So any layer interface. Active hydrogen or a hydr.de 
is JefZaWy used on the surface on which the semicon- 
duS^mis to be formed immediately before the for- 
mation of the film in order to reduce contaminant. 
S3 >" the present embodiment, a s.hcon nrtnde 
oxide film having a thickness of 125 nm and an amor- 
phous silicon film having a thickness of 50 nm were 
formed as the gate insulating f Bm 103 and sen^rrfuc- 
tor film 104 respectively to into a multi-layer structure 
Obviously, the tnickness of each ofthe films :» jn*fc£ 
ited to the present embodiment and may be appmpr. 
aSy determined by a person who carries out the 
Sition. in the present embodiment, the ™to ayer 
structure was formed by using a «^-*™**J™ 
apparatus as shown in F,g. 13) includmg a first chamber 



44 exclusively used to form the gate insulating film and 
a second chamber 45 exclusively used to form the sem- 
iconductor film (an amorphous silicon film in th.s case) 
and by moving the films through the chambers wrthout 
expo sing them to Ihe atmosphere. The muto-layer sfruc- 
STmay also be formed using the same chamber with 
the reactive gas replaced. 

100391 A silicon oxide film, a silicon nitride film, a siH- 
nrtride oxide film (SKW a mu MHay* flmco mist- 
ing of them or the like having a thickness m the range 
from 100 to 400 nm (typically in the range i from 150 £ 
250 nm) may be used as the gate -nsulatng Mm «a 
While the present embodiment employs a smgle- ayer 
insulating film as the gate insulating film a nui^ayer 
structure consisting of two. three or more layers may be 

[0040] The semiconductor film 104 maybe an amor- 
phous silicon film, an amorphous sem.conductor f lm 
including miaocrystals. a macrocrystalline semiconduc- 
tor fCan amorous germanium film, an , amorous 
silicon germanium film expressed by Si^Gev,, (0<X<1) 
or a multi-layer film consisting of them having a thick- 
ness in the range from 20 to 70 nm (typically m the 
range from 40 to 50 nm). 

r0041l When the state shown in Fig. 3B is thus 
LdSed. the semiconductor film 104 is 
infrared light or ultraviolet light to be crystallized (here.n- 
SteT SeJed to as laser crystalfization"). In the present 
SoSment. the irradiation with infrared light or ulfravr- 
olet light is carried out in the atmosphere, ir .oxygen or 
in an oxidizing atmosphere to form the o»defrtm M05 
simultaneously with the formation of the crystalline 
semiconductor film 106 through laser cnr*h*«- 
When ultraviolet light is used for the ^''zaton tech- 
nique, excimer laser light or intense light generated^ by 
an ulfraviolet lamp may be used. When ^nfrarrt hght « 
used, infrared laser light or intense light generated by 
an infrared lamp may be used. Excimer ^er Jight is 
shaped into linear beams to be used for irradiator, 
according to the present embodiment. Refe » ■£ 
dialing conditions, the pulse frequency is 150 Hz the 
overtop ratio is in the range from 80 to 98% (actually. 96 
%t Sie present embodiment); and *e laser ^energy 
density is in the range from 100 to 500 mJ/cm 2 and 
pSerably. in the range from 280 to 380 mW (actu- 
allv 350 mJ/cm 2 in the present embodiment). Referring 
to y coS£na for laser crystallization (laser light wave- 
iength. overfap ratio, irradiation intensity pulse^ width, 
repetitive frequency, irradiation time and the like i may 
bTappropriately determined by the person who carnes 
out the Mention in consideration to the thickness of the 
semiconductor film 104. the substrate temperafrire .and 
the like. Depending on the conditions for laser crystalh- 
Son thesemiconductor film may be crystallized after 
being melted, and the semiconductor film may ^ crys- 
tallized in a solid phase or in a state wh.ch intermedi- 
ate between solid and liquid Phaseswitoout being 
melted. Laser light is continuously moved at a constant 
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speed to keep the overlap ratio constant in any regi n 
with variation of ±1 0 %. 

[0042] While laser crystallization is used as the crys- 
allizing technique in the present embodiment other 
well-Sown means such as solid state epitaxy wrthand 
without a catalytic element. While an oxide film is 
formed simultaneously with laser crystallization accord- 
ina to the present embodiment, a step may be employed 
tofSm a «n insulating film (a silicon oxide film, s. con 
nitride film, silicon nitride oxide film or the like) before or 
after the laser irradiation or to perform '^r crystal^ 
tion in an inert atmosphere so as not to form an oxide 

So43] The step shown in F.g. 3C may be followed by 
a step of selectively doping the channel tension 
region with an impurity in older to control the ^eshold. 
[00441 Next, the gate insulating film, crystalline semi- 
conductor film and the oxide film are Patterned to form 
an active layer 107 and a first protect^ Mm 108 (Fig. 
3D). The patterning may be earned out after a subse 
quent step of doping with an impurity 
TO045] Next, a second protective film 109 constrtuted 
by a nrtride film is formed on the entire surface of the 
substrate to protect the active layer (Fig. 3E). The sec- 
ond protective film 109 may be a silicon ox.de frtm. sli- 
con nitride film, silicon nitride ox.de film (WW*' 
mufti-layer f ilm consisting of them having a thickness .n 
the range from 3 to 200 nm (typically in the range from 
25 to 50 nm). A configuration excluding such a second 
protective film may be employed. _ . 

[00461 A first mask (a resist mask in the present 
embodiment) 1 10a having a thickness in the range from 
1 to 3 am is then formed in contact with the second pro- 
tective f ilm 109 over the gate line by means of exposure 
to light from the rear surface (Fig. 3F). Referring to the 
material for the first mask, a positive or negate type 
photosensitive organic material (e.g.. photoresist, pho- 
tosensitive polyimfcJe or the like), organic resin (poty.m- 
£ polyJde amfcJe. polyamide or the like), a srt.con 
oxidefilm. a silicon nitride film or silicon nrtr.de ox.de f .lm 
f SiO N ) may be used. 

[00471 The f irst mask may be formed by patterning an 
Lraanic insulating film and leaving the patterning 
mask made of organic resin therefor as rt is a* I th s 
provides a multi-layer structure in which the .norgamc 
insulating film is the lower layer and the organic resin is 

IS^TsS no mask is required for the formation of 
resist through exposure to light from the rear surface, 
the number of masks required for manufacture can be 
reduced. While the present embodiment has referred to 
an example wherein the width of the first mask in the 
direction of the channel length is slightly smaller toan 
the width of the gate line because of " ra paroundof 
light they may be substantially the same, and a pereon 
who carries out the invention may change the widttvof 
the first mask in the direction of the channel length 
appropriately. 



[00491 Th present specification is based on an 
assumption that the direction of departing from the sub- 
strate 100 is an upwara" direction and the d.recton of 
approaching the substrate is a downward direction 
5 when the substrate 100 is cut in a plane perpendicular 
to the surface thereof. 

[0050] Afirst impurity is added through the first protec- 
tive film 108 and second protective film 109 using the 
first mask 1 1 0a to form a low density impurity region (n 
to -type region) 111 (Fig. 4A). The present embodiment 
employs phosphorus as the impurity to provjde n-type 
conductivity which is adjusted such that the ntype 
region indicated by 1 1 1 has a phosphorus densrty in the 
range from 1 X 10 15 to 1 X10 17 atoms/cm 3 onttiebasjs 
, 5 of SIMS analysis. At this time, the first mask is doped 
wfth phosphorus to become a first mask 1 10b conta.n- 
ina a low density of phosphorus. 
[00511 Next, a second mask (made of photosensitive 
polyimide resin in the present embodiment) 113a hav- 
20 tog a thickness in the range from 1 to 3 nm is formed in 
contact wfth the second protective film 109 or first ma* 
1 10b of the n-channel type TFT (F.g. 4B). Refernng to 
the material for the second mask, a positive ornegative 
type photosensitive organic material (e.g.. resist photo- 
25 sensitive polyimide or the like), organic res.n (polyim.de 
polyimide amide, polyamide or the like), a silicon oxide 
film, a silicon nitride film or silicon nrtr.de oxKle f.lm 
(SiOvN„) may be used. 

[0052] A second impurity is added to form a high den- 
so sity impurity region (n + -region) 1 14 through the first pro- 
Stive filni .1 0? and second protective film 1 09 us.ngthe 
second mask 113a (Fig. 4C). In the present embed- 
ment, the second mask is patterned into a desired con- 
figuration to allow an LDD region to be formed wrth h.gh 
35 controllability. In the present embodiment, an adjust- 
ment is made such that the n*-type region indicated by 
114 has a phosphorus densrty in the range from 1 X 
10 20 to 8 x 10 21 atoms/cm 3 on the basis of SIMS analy- 
sis A first mask 110c of the p-channel type TFT is 
w doped wrth a high densrty of phosphorus A second 
mask 113b is similarly doped wfth a high densrty of 
phosphorus. A first mask 110b and a second mask 
113b at the channel formation region of the n-channel 
type TFT prevent the channel formation region from 
as being doped with phosphorus. „. , 

[0053] The f irst and second steps of doping wrth impu- 
rities form an LDD structure. The boundary between the 
n -type and n + -type regions is determined by the pattern 
of the second mask. The n + -type region 114 of the n- 
so channel type TFT serves as a source or dram region^ 
and the n'-type region serves as a low densrty impurity 
region (LDD region) 115. 

[0054] At the f irst and second steps of doping with 
impurities, the first masks 1 1 0b and 1 1 0c and the sec- 
55 ond mask 1 1 3b doped wfth phosphorus are darkened. 
A step may be added to darken the first masks and the 
second mask further. 

[0055] Next the n-channel type TFT is covered wrth a 
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. , . 11fi and IS doped with a third impurity 

♦krftv and the dose of boron is set such that thedensny 
SS5 f £L in the p-type region* 
density of the phosphorus ions added to the n type 
region by a factor in grange from about 1 
mask 110d of the p-channel type TFT e dopeo w. 
boron at a high density. Similarly, a third mask 1 16» 
dooed with boron. The first, second and ».rdmasks. 
£ oroSc resin, include a trivalent impurity (boron in 

^to4 becomes an intrinsic or substantially mtr,ns,c 
boron ions Decome* moving 
channel forming region 1 12 to serve ab<i« 

ST* in the context of the present *J 

l.Ltantiallv intrinsic region is a region in which eiec 
substantially inn»«» ^ ^. ^ t0 conduc- 
es and holes are P-^JSTTaSo" including 
tMty types to cancel each ^^^^^ 

at a aensiiy ia. y 17 atoms / cn v» 0 n 

Ss) or a fe ton which is inten- 
JonSy dii oppSe conductivity type impunty 
to Se conductivity types to cancel ea* °ther 
roSn The doping with the first through th.rd .mpuri- 
Say be canted I out using well-known means such 
afionCantation, plasma doping and '^oping^ 

Ens Penetrate through the f irst proteose Mm 
S and Se sSond protective film 1 09 to be added to a 

tion of the threshold can be suppressed. 
roEsai After the high density impurrty region 117 to 
Sve as a source or drain region is thus ^medjonfy 

«S mask. The f irst and second protective 

109 serve as an etching ^ * JV^S 
. eton m 0 contaminant enters the crystalline 
removing i step No «rwam formation 

semiconductor film especially w „ a 

Region 1 1 2 at this mask removing step because the first 



and second protective f ilms have been formed 
rO0601 A wen-known technique, e.g.. thermal anneai- 
nfcS laser anneating is then performed to achi^e the 
X of activating the impurity in the source and dram 
5 Sons or the effect of recovering the crystal strudure 
ofthe active layer which has been damaged at the dop- 

BST Finally, a layer insulating film 118 to fam* 
Sis made of organic resin such 
,o imideamide. polyamlde or a ^ a ^!^2n i de 
icon oxide film, a siticon ^^^T^ 
oxide film (expressed by SiO x N y ) or a mura * 
consisting of them; contact holes are formed to expose 
S ource and drain regions; and, thereafter^ a met* 
fflmfe formed and patterned to form metal lines 119 
ioughTSn coTct with the source and drains 
(Fta4E) This completes the manufacture of a CMOS 
Scutt Portion formed by n-channel type and p-*annel 
tS?s Sa pixel matrix circuit portion formed by n_ 
S o ^typeTWsacco^ingtoamodefacarryingout 

^TToescription will now be made with reference 
[ £S 1 on alorf iguration of a semiconductor device 
ScSri a eemicoiuctor 

S5S ^ only a CMOS circuit portion 
K. a Part of a peripheral driving circuH portion and 
pS T^Ts (n-channel type TFTs) forming a part of a 
30 £xel matrix circuit portion on the ^^f** 
,00631 Figs. 2A and 2B are plan views associated wnn 
Ftal in Bgs. 2A and 2B. the section cut along *e dot- 
S^A-A corresponds to .he section^^ure cj 
the pixel matrix circuit portion in Fig. 1 . and *a section 
35 cS along the dotted line B-B' corresponds to the sec 
tonfstructure of the CMOS circuit portion s FJ.JL 
The reference numbers used in Figs. 1 . 2A and 2B are 
?e same Tthose used in Figs. 3A through 3F and 
^ through 4E. For simplicity of 
M 2A and 2B do not show the first and second masks 
^S] m Fig. 1 . all of the TFTs (thin film transistors) 
aWformed on the underlying film 101 proved on *e 
^SelOO For the p-channel type TFT in the CMOS 
£5?K ie line 102 is formed on the underj,ng 
< 5 tarrTand the gate insulating film 103 is provided on the 
Sm The pSype region 117 (source or drain r^ion) 
fndW^S fonmation region 112 are form«l as 
active layers on the gate insulating film. The acti« pay- 
ers are protected by the first protective film 1 08 and the 
so sS protective film 109 which have the same pa - 
50 te^^ctholesareformedonthefirstlayen^at- 

ng film 118 made of organic resin covering Mr second 
protective film 109 to connect the lines ^ 
53 o-type region 117. A second layer insulating film .125 
S5 TtorrS thereon; an extraction line 1^-- acted to 
the fine 119 and a third layer instating 
formed thereon to cover the same. The first mask HOd 
S light blocking properties is formed on the second 
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protective film over the channel formation region to pro- pixel matrix circuit have a double gate structure in the 
tect the channel formation region from deterioration. present embodiment, a multi-gate structure such as a 
The first mask 1 10d is doped with a trivalent impurity triple gate structure may be used to reduce variation of 
(boron in the present embodiment) and a pentavalent the off-current. A single gate structure may be used to 
impurity (phosphorus in this embodiment) at a density 5 improve the numerical aperture, 
of 1 X 10 19 atoms/cm 3 or more. [0070] A second embodiment will now be described. 
[0065] The n-channel type TFT is formed with the n + - The present embodiment is an example in which a crys- 
type regions 1 14 (source or drain region) as active lay- talline semiconductor film is obtained using a method 
ers, the channel formation region 112 and the n--type different from that in the first embodiment. In the present 
region (LDD region) 115 between the n + -type region 10 embodiment, a step is added between the steps shown 
(drain region) and the channel formation region. The in Figs. 3B and 3C of the first embodiment to cause a 
lines 120 and 121 are respectively formed in the drain catalytic element for promoting crystallization to be car- 
region and source region among the nMype regions ried on the entire surface of the semiconductor film or to 
1 14, and the lead line 127 is further connected to the be selectively carried. Since the present embodiment is 
line 1 21 . Its structure is substantially the same as that of 15 substantially the same as the first embodiment in the 
the p-channel type TFT in regions other than the active basic configuration, the following description will 
layer. The first masks (1 10b and 1 10c) are formed at address only differences between them, 
least on the second protective film over the channel for- [0071] The present embodiment is identical to the first 
mation region 112, and a second mask 113b having embodiment up to the step of forming the semiconduc- 
light blocking properties is formed on the second protec- 20 tor film 104 (Fig. 3B). 

tive film over the drain region which is one of the n-type [0072] According to the present embodiment a cata- 
regions 114 to protect the channel formation region and lytic element for promoting the crystallization of silicon is 
the n-type regions from the deterioration of light introduced on the surface of the semiconductor film 
[0066] The n-channel type TFTs formed in the pixel 1 04. As the catalytic element for promoting the crystalli- 
matrix circuit have the same structure as that of the n- 2s zation of silicon, one or a plurality of elements selected 
channel TFT of the CMOS circuit up to the region where from among Ni, Fe, Co, Pt, Cu, Au and Ge are used. In 
the gate insulating film 103 is formed. In the n-channel the present embodiment Ni is used among the catalytic 
type TFTs formed in the pixel matrix circuit since dete- elements because of its high speed in spreading in an 
riorating phenomena such as hot carrier implantation amorphous silicon film and its excellent crystallinity. 
can occur between the n + -type regions 1 14 and the 30 [0073] The introduction of the catalytic element is not 
channel formation regions 112 connected to the lines limited to any particular locations, and the element is 
122 and 123, the n'-type regions (LDD regions) 1 15 are introduced on the entire surface of the amorphous sili- 
formed between the n + -type regions and channel forma- con film or selectively on the surface by forming a mask 
tion regions connected to the lines, and no n-type appropriately. A step may be employed to introduce the 
region (LDD region) is provided between adjoining 35 catalytic element on the rear surface of the amorphous 
channel formation regions. The first and second masks silicon film or on both of the front and rear surfaces, 
used to form the n'-type regions (LDD regions) 1 15 are [0074] There is no limitation on the method for intro- 
left as they are to be used as light-blocking films. The ducing a catalytic element to the amorphous silicon film 
second layer insulating film 125 and a black mask 128 as long as it allows the catalytic element to be put in 
are formed on the first layer insulating film 1 1 8 with the 40 contact with the surface of the amorphous silicon film or 
lines 122 and 1 23 formed thereon. The third layer irtsu- it allows the catalytic element to be retained in the amor- 
lating film 129 is formed thereon, and a pixel electrode phous silicon film. For example, it is possible to adopt 
130 constituted by a transparent conductive film made sputtering, CVD. plasma processing, absorption, ion 
of ITO, Sn0 2 or the like is connected to the same. The implantation or a method of applying a solution includ- 
black mask covers the pixel TFTs and cooperates with 45 ing a catalytic element The method utilizing a solution 
the pixel electrode 130 to form an auxiliary capacity. is easy to implement and is advantageous in that the 
[0067] In the present embodiment, since a resist mask density of a catalytic element can be easily adjusted, 
is formed through exposure to light at the rear surface, a Various safts may be used as the metallic salt, and usa- 
mask is provided over the gate line to reduce any ble solvents other than water include alcohols, aide- 
capacity that the gate line forms with the lines, so hydes, ethers, other organic solvents or solvents 
[0068] While a transmission type LCD is manufac- obtained by mixing water and organic solvents. In the 
tured as an example in the present embodiment, the present embodiment, the method of applying a solution 
invention is not limited thereto. For example, a reflective is used to apply a solution including nickel in the range 
metal material may be used as the material for the pixel from 1 0 to 1 0000 ppm and, preferably, in the range from 
electrode, and a reflection type LCD may be manufac- ss 100 to 10000 ppm (by weight). The dose must be 
tured by changing the patterning of the pixel electrode adjusted appropriately in consideration to the thickness 
or adding and deleting several steps appropriately. of the amorphous silicon film. The density of nickel in 
[0069] While the gat lines of the pixel TFTs of the the amorphous silicon film thus obtained is in the range 
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from 1 X 10 19 to 1 X 10 21 atoms/cm . 
10075] After a catalytic element is introduced into _ the 
Amorphous silicon film as described above crysteJl.za- 
L is conducted by irradiating the film wrth aser light to 
obtain a crystalline silicon film. A heat.ng step at a high 
^eratura may be added in place * *• ™JJ£ 
with laser light. A gettering step may be added to reduce 
the number of catalytic elements in Jhefilnr 
[0076] Subsequent steps prov.de a ^rriuclor 
device as shown in Fig. 1 according to the first embodi- 

JoStJ A thirtf embodiment of the invention will now be 
described. The present invention is an sample m which 
a crystalline semiconductor film is obta.ned uang a 
method different from that for the f .rst ambodiment " 
£e present embodiment relates to a method wherein 
S blams are shaped into a rectangular or square 
configuration to perform a uniform laser crystalhzation 
Process throughout an area in the range from several 
SSeverafhundred cm 2 wrth irradiation at ^etim* 
thereby provid.ng a crystalline silicon film. Since he 
embodiment is substantially the same as the f.^ 
eStdiment in Us basic configuration, the descnption 
will address only differences between them. 
100781 According to the present ernbodimerrt, madia- 
ion is conducted with excimer laser light which is proc- 
essed into a planar configuration at the step shown m 
Fig. 3C. The laser light must be processed .nto a planar 
configuration such that an area on the order of several 
tens cm 2 (preferably 10 cm 2 ) or more can be irradiated 
alt^e. In order to anneal the irradiated surface as a 
whole with a desired laser energy density, a laser appa- 
ratus that provides output having total energy of 5 J or 
more and preferably 10 J or more is used_ 
[0079] In this case, the energy density is in the range 
lorn 00 to 800 mJ/cm 2 . and the output pulse w«fth is 
100 nsec. or more and is preferably in the range from 
200 nsec. to 1 msec. A pulse width in the range from 
200 nsec. to 1 msec, can be achieved by connect ngj a 
olurality of laser devices and by operating the laser 
oevtees asynchronously to achieve a state of mixture of 

tf^STSTof .aser Hght having a p.anar beam 
configuration as in the present embodiment makes rt 
Possible to irradiate a large area with uniform laser tight 
That is the active layer will have uniform wystallinity On 
terms of also grain size and defect density), ar*i varia- 
tion™ electrical characteristics of TFTs can be reduced 
[0081] The present embodiment can be easily com- 
bined with the first or second embodiment in flexible 
modes of combination. 

[0082] A fourth embodiment of the invention will now 
be described. The present embodiment is an example 
wherein an insulating film and a crystalline se^conduc- 
tor f ilm are obtained using a method different from that 
of the first embodiment. ... „ 

[0083] According to the present embodiment a silicon 
nitride oxide film having a thickness of 125 nm as a gate 



insulating film, an amorphous silicon film having a thick- 
ness of 50 nm as an initial semiconductor film and a sil- 
icon nitride oxide film having a thickness of 15 nm as an 
insulating film are formed into a multi-layer corrt juration 
5 without being exposed to the atmosphere. Obviously. 
5 Z thickness of each film is not limited to the present 
embodiment and may be appropriately determined by a 
person who carries out the invention. A configuration 
may also be employed in which a multiphcrty of layers 
,„ are formed by replacing reactive gasses in the same 
10 Warier. AcL hydrogen or a hydride is preferaWy 
used on the surface on which the film is to be formed 
before the initial semiconductor film is formed to reduce 

contaminant . . 

T5 [0084] Thereafter, me initial semiconductor film is irra- 
diated with infrared light or ultraviolet light to be crystal- 
lized (hereinafter referred to as laser crystallization^. 
In the present embodiment excimer laser hght b 
shaped into linear beams to be used for 'rrad.at.oa 
20 Referring to irradiating conditions, the pulse frequency 
is 150 Hz- the overlap ratio is in the range from 80 to 98 
% (96 %' in the present embodiment); and the laser 
energy density is in the range from 100 to 500 mJ/cm 2 
and preferably, in the range from 150 to 200 mJ/cm 2 
as (175 mJ/cm 2 in the present embodiment). Referring to 
conditions for laser crystallization (laser light wave- 
length overlap ratio, irradiation intensity, pulse width, 
repetitive frequency, irradiation time and the like) may 
be appropriately determined by the person who carries 
30 out fte invention in consideration to the th.ckness of ttie 
insulating f ilm, the thickness of the initial sem.conductor 
film the substrate temperature and the like. 
[0085] This step crystallizes the initial sem.conductor 
f ilm to be transformed into a crystalline semiconductor 
35 film (a semiconductor film including crystals). In the 
context of the present embodiment, a ^ste'^ne semi- 
conductor film is a polycrystafline s.hcon film. At fri.s 
step, no contaminant enters the initial semiconductor 
film from the atmosphere because the laser light ;m pro- 
«, jected through the insulating film. That is. the 'n*al sem- 
iconductor film can be crystallized with the interface of 
the initial semiconductor film kept clean. 
[00861 Thus, substantially the same state as that 
shown in Fig. 3C is achieved. Subsequent steps (.n F.g 
45 3D and later drawings) complete a semiconductor 
device as shown in Fig. 1 according to the first embodi- 
ment The present embodiment can be easily combined 
with the first or third embodiment in flexible modes ol 

combination. . 
so [0087] A fifth embodiment of the invention will now be 

described. The present embodiment refers to an exam- 
ple of the manufacture of a TFT having a structure drf- 
ferent from that in the first embodiment wrth reference to 
Fig. 5. Plan views of F.g. 5 will conespond to Figs. 2A 
55 and 2B 

(00881 According to the present embodiment a multi- 
layer structure is provided in which an upper layer is 
constituted by a plastic substrate as a substrate 500. s.1- 
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icon nitride oxide (expressed by S'iO x N y ) as an underly- 
ing mm 501 and a film made of a materia, mainly 
composed of copper (Cu) as a gate line and in ^ 
,owerlayer is constituted by a film made of a matenal 
mainly composed of tantalum. 
[00891 Next, a film made of an organic matenal. eg. 
BcT (benzocyclobutene) for flattening ^egul^es 
between regions having gate lines and reg.ons having 
nfSte Hne\ formed to a thickness in *e range from 
IOC Tnm to 1 Mm (preferably in the range from 500 to 800 
Z a Ta f irsKating fHm 503. Thte step must provrfe 
aTnm thickness sufficient to flatten any step attrdDUtable 
tog* Hnes completely. Since a BOB film , has . .se- 
cant flattening effect, it can provide a sufficient flatness 
with a not so large thickness. 

r00901 After the first insulating film 503 is formed, a 
second insulating f ilm (silicon nitride oxide f ilm)504 an 
initial semiconductor film * con hhn) 

and an insulating film (silicon n*.de ™de fiM to_ ^ 
as a protective f ilm 509 are sequentially formed into tak- 
ers without exposing them to the atmosphere "me 
microcrystalline silicon f ilm is formed at a temperature in 
from 80 to 300«C and preferably in the range 
torn vio to 200«C and with silane gas diluted by hydro- 
gen (SiH 4 : H 2 = 1:10 to 100) as the reactive s^s. a gas 
pressure in the range from 0.1 to 10 Ton and deterge 
Power in the range from 10 to 300 mW/cm 2 . Since the 
Sen density in the rrtcrocrystalline si.icor , Mm js 
tow the use of the same as the initial semiconductor t .lm 
r^keTit possible to delete a Ihermal process to reduce 
!S hydrogen density. In the present embodiment, sepa- 
rate Cambers exclusively used for the seconc hnsulat- 
ing film, initial semiconductor film and prot e^eMma e 
prepared, and the films are continuously formed wh. e 
to?substrate is moved through the chambers wrthout 
beinWosed to the atmosphere. The insulating film 
anJse^conductor film thus formed continuously are 
flat because they are formed on the flat surface. 
[00*r Then. excimer laser light is projected upon toe 
protective film to modify the semiconductor f.lmjnto a 
SmSnductor film including crystals fPj^Mhj. 
silicon f ilm). Conditions for this laser " ™' 

L the same as those in the fourth embod.ment At this 
time, since the semiconductor film is flat a poly^ 
line silicon film having a uniform grain size ran be 
obtained, intense light. e.g.. BTA or RTP may be used 
tor irradiation instead of laser light. . 
[0092] Since a BCB film which can be easily flattened 
s used as the first insulating film 503. a semiconductor 
Mm ha^ng a flat surface can be provided. This makes -t 
possSe to maintain uniform crystallinity throughout the 

semiconductor film. 

[0093] Subsequent steps complete a semiconductor 
device as shown in. for example. Fig. 5 accord.ng to the 
St ernSdiment. although there is a slight difference in 
the desian of the second mask. 
0094? Referring to F.g. 5. all TFTs (thin film transis- 
tors) are formed on an underlying layer 501 provided on 



a substrate 500. For a p-channel type TFT ofa CMOS 
circurt. gate lines 502a and 502b are formed I on Mhe 
underlying layer, and a first insulating film 503 and a 
seSSsulating film 504 made of BCB are prodded 
. thereon. A p-type region 508 (source or drain region) 
and a channel formation region 505 as active layers are 
formed on the second insulating film. The active .layers 
are protected by a protective film 509 haying the same 
configuration. A contact hole is formed though a first 
J0 layer insulating film 51 0 covering the protective f Hm509 
1 toconnectlinesSllandS^tothep-typeregionSOaA 

second layer insulating fHm 516 is further formed I ther- 
eon; an extraction fine 517 is connected to the line 51 1. 
and a third layer insulating film 520 is formed to cover 
, 5 the same. A first mask having lightbtoctang property ,s 
formed at least on the protective fHm over the channel 

formation region to protect the channel formation region 
from deterioration attributable to light. 
[0095] Referring to the n-channel type TFT. an n + -type 
20 region 507 (source or drain region), channel formation 
region 505 and an ri-type region 506 between the n - 
type region and channel formation region are formed as 
Slayers. The n-type regior ,807 ■ ^formed w,to 
lines 512 and 513. and an extraction line ,518 lis con 
25 nectedtothe line 513. Regions other than the active lay- 
ers have substantially the same structure as that of the 
p-channel TFT. A f irst mask having light blocking prop- 
erties is formed at least on the protective film over trie 
channel formation region 505 and a second maskis 
30 formed on the protective film over the n'-type reg.on 506 
to protect the channel formation region and n -type 
region from detertoration aWfoutaHe tc^ght 
10096] Referring to n-channel type TFTs ^medinthe 
pixel matrix circurt. lines 514 and 515 are connected to 
35 Kype regions 507. and a second layer insulating Mm 
Sl6and a black mask 519 are formed thereon. The 
Wack mask covers the pixel TFTs and forms an aux. jary 
capacity in cooperation with the line 515. Further a thud 
Syer insulating film 520 is formed therein, and a pucel 
« electrode 521 constituted by a transparent conductive 
f Dm such as ITO is connected thereto. 
[0097] The pixel matrix circurt of the present embodi- 
ment has a TFT structure in which a line ca pacrty gen- 
erated between the gate line 502 and the lines 514 and 
45 515 is reduced by the first and second masks. Accord- 
ing to the embodiment, a capacity between lines is 
Suced not only in the pixel matrix circurt M ate* ^ 
other regions by the masks are provided over the gate 
line because the resist masks are formed through expo- 
50 sure to light at the rear surface. 

rou98] TFTs manufactured according to the present 

embodiment exhibit electrical characteristics with less 
variation. The present embodiment can be combined 
with the first, second, third or fourth embod.ment. 
55 [0099] A sixth embodiment of the prese^nvention 
will now be described. In the present embod.ment. a 
description will be made with reference to F.g. 6 on an 
example of the manufacture of a TFT having a structure 
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different from that in the first embodiment. Thecorfigu- 
Sfonof the CMOS circuit will be described only .n 
™s oV difference because it is substantially toe same 
as that in the first embodiment Plan views of Fig. 6 cor- 
respond to Figs. 2A and 2B. 

[0100] The present embodiment is the same as the 
fin* Pediment up to the formation of a glass sub- 
strate as a substrate, a silicon nitride oxxie Mm (S.O x N y ) 
as an underlying f ilm and a gate line. 
[01011 According to the present embodiment a first 
insulating film 601 is then selectively formed in the pixel 

S?0?] Cir T^ereatter. a second insulating ,flm ij^cor- 
esponds to the gate insulating film in the first embod - 
S and an initial semiconductor film are sequentially 
formed into a multiplicity of layers wfthout^osing 
them to the atmosphere just as in the first embodiment. 
Re present embodiment, a silicon nitride ox.de film 
haSnVa thickness in the range from 10 to 100 nm as a 
second insulating film 602 and an amorphoussj^n 
film having a thickness of 50 nm as an initial semicon- 
ductoMilm are formed into a muttip.iaty £ *"""J 
Dlasma CVD in the same chamber with a high degree of 
^maintained therein. Obviously, the thickn** of 
each of the films is not limited to the present embodi- 
ment and may be appropriately ^erjmned by a pejon 
who carries out the invention. According to the present 
e^Xent. the gate insulating ^J^JTfS 
film 601 and second insulating film 602) of the pixel 
ZSaSt are formed to provide a total thickness ,n 
the range from 100 to 300 nm. «. 
SloT Description will be omitted for the CMOS circuit 
n Fig 6 because it has substantially the same configu- 
ration as that in the first embodiment. The n^annel 
type TFTs formed in the pixel matnx <^ 
Sntially the same as those in Fig 1 according , to toe 
first embodiment except that the gate insulating film has 
alwo-layer structure (first insulating film 601 and sec- 
ond insulating turn 602). By selectively inaeasmgfte 
thickness of the gate insulating films as descr^ 
above, reliability of circuits which must have a h.ghwrUv 
stand voltage (pixel matrix circuit, buffer circuit and the 

raiM] '"Thtpbcel matrix circuit of the present embodi- 
ment has a TFT structure in which a line capacity gen- 
eTed between the gate line and other lines is reduced 
by a first and second masks just as in the first embodi- 
ment. According to the embodiment, a «*acrty 
between lines is reduced not only in the pixel matnx or 
curt but also in other regions by the masks are prided 
over the gate line because the resist masks are formed 
through exposure to light at the rear surface. 
roi05] TFTs manufactured according to the present 
embodiment exhibit electrical characteristics with less 
variation. The present embodiment can be combined 
with any of the first through fifth embodiments. 
[01 06] A seventh embodiment of the present invention 
will now be described. In the present embodiment, a 



description will be made with reference to F.gs^ 7A. 7B 
and 7C on an example of the manufacture of a pixel 
matrix circuit portion having a structure differed ^from 
that in the first embodiment While the gate lines ,of the 
5 pixel TFTs in the pixel matrix circuit portion of the first 
5 embodiment have a double gate 

embodiment refers to an example wherein a frple gate 
structure is employed to reduce variation of the off-cur- 
rent . . 
io [01071 Fig. 7C is a plan view showing an examp e of 

toe triple gate structure. Fig. 7Ashov« i an exampfc , of 
the section taken along the dotted line A-A in Fig. 7C. 
[0108] In Fig. 7A, 701 represents an n'-type region 
LDD region); 702 represents gate lines; 703 presents 
rs an n+-type region; 704 and 705 represent lines; 706 
represents a black mask; 707 represents a pixel elec- 
trode- 708 and 709 represent layer insulating films; and 
710 represents a second mask, ™s .figuration .s 
characterized in that the LDD region (with a width in the 
no direction of the channel length in the range from 0.5 to 3 
pm. typically in the range from 1 to 2 „m) is provided 
only in a region where it is required. According to the 
prior art. especially the self-alignment method, unnec- 
essary LDD regions have been formed between adjoin- 
25 ing channel formation regions. „^ oea „ 
[01091 The present embodiment may be formed as an 

Lplication of the first embodiment The sectional struc- 
X shown in Fig. 7A especially toe n -type region (LDD 
region) and n*-type region can be easily ^med by 
30 nTodrfying the pattern of the second mask of the first 
embodiment 

[01 1 0] Further, the use of a pattern of the second 
mask different from that in Fig. 7A makes it possible to 
obtain a different with of the LDD region as shown in 
35 Fig. 7B without any increase in the number of steps. Fig. 
7B is substantially the same as Fig. 7A exc^t that a 
first n"-type region 722 having a greater width in the 
direction of the channel length of the LDD region and a 
second n -type region 721 having a smalter wdth in toe 
40 direction of toe channel length of the LDD reg.on are 
selectively formed. The width of the first n'-type region 
722 in the direction of the channel length is in the range 
from 0.5 to 3 nm and typically in the range from 1 to 2 
um and the width of the second n'-type region 721 in 
« toe direction of toe channel length is in the range from 
0 3 to 2 jim and typically in the range from 0.3 to .0.7 >m. 
The width of each of the n-type regions in thedirection 
of the channel length can be freely adjusted by the 
design of the mask. Therefore, the widths of the n -type 
so regions in the direction of the channel length may be 
arx>ropriately determined by a person who carries out 
Se invention depending on requirements associated 
with toe circuit configuration. 

r0111l TFTs manufactured according to toe present 
55 embodiment exhibit electrical characteristics with less 
variation. The present embodiment can be combined 
with any of the first through sixth embodiments. 
[01 12] An eighth embodiment of the present invention 
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will now be described. In the present embodiment, a 
description will be made with reference to Figs. 8A, 8B 
and BC on an example of the circuit configuration of the 
CMOS circuit (inverter circuit) shown in the first embod- 
iment. Terminal portions a, b, c and d in the inverter cir- 
cuit diagram and the plan view of the inverter circuit in 
Fig. 8A correspond to each other. 
[01 13] The sectional structure along the line A- A' of 
the inverter circuit in Fig. 8A is the same as that shown 
in Fig. 1. Therefore, the structure shown in Fig. 8A can 
be provided according to the first embodiment This cir- 
cuit is formed by gate lines 801, a source electrode 802 
of a p-channel type TFT, a source electrode 803 of an n- 
channel type TFT and a common drain electrode 804. 
[0114] Fig. 8B shows a sectional structure of the 
inverter circuit different from the sectional structure 
along the line A-A' in Fig. 8A. To provide the structure 
shown in Fig. 86, the pattern of a second mask 810 as 
in the first embodiment is modified to form a second 
mask 820 also in the p-channel type TFT, thereby form- 
ing a p'-type region 822 doped with boron at a low den- 
sity and an n'-type region 821. A mask for achieving a 
low boron density is required to provide the structure 
shown in Fig. 8B. 

[0115] Fig. 8C shows a sectional structure of the 
inverter circuit different from the sectional structure 
along the line A-A' in Fig. 8A. To provide the structure 
shown in Fig. 8C, the pattern of the second mask 810 as 
in the first embodiment is modified to form a second 
mask 840, thereby forming n'-type regions 841 on both 
sides of the channel formation region. The width of each 
of the n'-type regions in the direction of the channel 
length can be freely adjusted through designing of the 
mask. Therefore, the width of the n'-type regions in the 
direction of the channel length may be appropriately 
determined by a person who carries out the invention 
according to requirements associated with the circuit 
configuration. Gate lines 831 are patterned after form- 
ing a tantalum film and thereafter forming an anodic film 
on the surface thereof to reduce the number of masks. 
[01 16] The structures shown in Figs. 8A and 8B can 
be simultaneously fabricated on the same substrate 
without increasing the number of steps. The present 
invention makes it possible to form n'-type regions or p* 
-type regions having various widths (in the direction of 
the channel length) on the same substrate. For exam- 
ple, it is possible to simultaneously fabricate a TFT hav- 
ing an n'-type regions on both sides of the channel 
formation region, a TFT having an n'type region on one 
side of the channel formation region, a TFT having n'- 
type regions with different widths in the direction of the 
channel length on both sides of the channel formation 
region, a TFT having no n'type region on both sides of 
the channel formation region and the like on the same 
substrate without increasing the number of steps. 
[0117] The present embodiment may be combined 
with any one of the first through sixth embodiments. 
[0118] A ninth embodiment of the present invention 



will now be described. In the present embodiment, a 
description will be made with reference to Fig. 9 on an 
example of a configuration of a buffer circuit utilizing 
bottom-gate type TFTs shown in the first through sixth 

5 embodiments The CMOS circuit is formed as a comple- 
mentary combination of an n-channel type TFT and a p- 
channel type TFT formed on the same substrate. Termi- 
nal portions a, b, c and d in the buffer circuit diagram 
and the sectional structure view of the buffer circuit in 

w Fig. 9 correspond to each other. 

[0119] In the buffer circuit as illustrated, an n'-type 
region is preferably formed at least one side (the side of 
an output line terminal b) of the channel formation 
region of the n-channel type TFT. To obtain the structure 

75 shown in Fig. 9, the pattern of the second mask 1 13 of 
the first embodiment is modified to form a second mask 
910, thereby forming an n'-type region 901 on one side 
of the channel formation region. 
[0120] The present embodiment can be combined 

zo with any one of the first through sixth embodiments. 
[0121] A tenth embodiment of the present invention 
will now be described. In the present embodiment, an 
example of a liquid crystal display manufactured 
according to the invention will be described with refer- 

25 ence to Fig. 10. Detailed description will be omitted for 
the method of manufacturing the pixel TFTs (pixel 
switching elements) and the step for cell assembly 
because they may be carried out using well-known 
means. 

30 [0122] In Fig. 10, 1000 represents a substrate having 
an insulated surface (a glass substrate having a silicon 
oxide film provided thereon); 1001 represents a pixel 
matrix circuit; 1002 represents a scan line driving cir- 
cuit; 1003 represents a signal line driving circuit; 1030 

35 represents a counter substrate; 1010 represents an 
FPC (flexible printed circuit); and 1020 represents a 
logic circuit. The logic circuit 1020 may be formed as a 
circuit such as a D-A converter, gamma conection cir- 
cuit or signal division circuit having functions which have 

40 been conventionally substituted by an IC. Obviously, an 
IC chip may be provided on the substrate to perform sig- 
nal processing on the IC chip. 
[01 23] While the present embodiment refers to a liquid 
crystal display as an example, the present invention 

45 may obviously be applied to any active matrix type dis- 
play such as an EL (electro-luminescence) display or 
EC (electro-chromics) display. 
[0124] The present invention may be applied to the 
manufacture of any liquid crystal display whether it is of 

so the transmission type or reflection type. A person who 
carries out the invention may choose either of them at 
his or her own choice. Thus, the invention may be any 
active matrix type electro-optical device (semiconductor 
device). 

55 [0125] The configuration of any of the first through 
ninth embodiments may be used to manufacture a sem- 
iconductor device as described in the present embodi- 
ment, and any combination of those embodiments may 
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be used. x . -« 

[0126] An eleventh embodiment of the .went , n wrtl 
now be described. The invention may be applied tocon- 
vemionaH?techniques in genera.. That is. the mention 
nSv be applied to all semiconductor circurts currently 
SSe T£ market. For example, it may b. 
^Coprocessors such as RISC processors and ASIC 
priors integrated on one chip ^^e^ljd 
to signal processing circuits represented by dnyerar 
Urts for liquid crystal (D-A converter* gamma correc- 
Son circuits, signal division circuits and the hke) a«J to 
high frequency circuits for portable devices (potable tel 
eohones PHS and mobile computers). 
gST ^conductor circuits such as ™cnjproces- 
lore are loaded on various electrons equipmente to 
Unction as a key circuit. Typical 
include personal computers, personal d.grtal a^istarrts 
Zi a., other electronic equipment t forhome ujCajj 
outers for controlling vehicles (automobiles. *a.ns and 
K HM are also included. The invention may be appl.ed 
to semiconductor devices tor such purposes- 
[01281 The configuration of any of the first through 
ninth embodiments maybe used to manufacture asem- 
Sductor device as described in the P^J^" 
ment. and any combination of those embod.ments may 

mSf' A twelfth embodiment of the invention will now 
be Scribed. A CMOS circuit and a pixel matioc circuit 
formS according to the invention may be used .n van- 
oTe^ectro-optical devices (active matr.x type liquid 
c^stS Says, active matrix type EL displays and 
crystal a «P H »»' " riiBDlav ri That is, the invention 
active matrix type EC aispiays;. m~ i , 
may be applied to any electronic equipment incorporat 
inn such electro-optical devices as display media, 
mi W Tronic equipments include video cam- 
digHal cameras, (rear type or front type) projec- 
to* head-mount displays (goggle type displays) ca 
natation systems, personal computers and phonal 
Jitel assists (mobile computers. portaWe te e- 
ohones electronic books and the like). Figs. 11A 
through 1 1F and Figs. 12A through 12D show examples 

5S? ^ A shows a persona, computer -rtfch is 
formed by a main body 2001. an image input portion 
Scf alplay 2003 and a keyboard ^inven- 
tion may be applied to ihe image input portion 2002. d.s 
play 2003 and other signal control circurts. 
101321 Fig. 1 1 B shows a video camera which is 
SnSbyaLnbody2101.adi^2^ anaudio 
inn.it Dortion 2103, operation switches 2104, a battery 
2T05 San fmage deceiving portion 2106^ The inv*,- 
ton may be applied to the display 21 02. audio .nput por- 
tion 21 03 and other signal control circuits. 
101331 Fig 11C shows a mobile computer which .s 
S by a'main body 2201 . a camera portion 23* an 
image receiving portion 2203. operation^tches 2204 
and a display 2205. The invention may be applied to the 
display 2205 and other signal control circuits. 



T01 341 Fig. 1 1 D shows a goggle type display which is 
Srmedbyamainbody2301.adMay2302and^jm 

portion 2303. The invention may be applied to the dis- 
play 2302 and other signal control circurts. 
s 101 351 Fig. 1 1 E shows a player utilizing a recording 
Em on which a program is stored (hereinafter 
TeW to as "recording medium) and which is formed 
by a main body 2401 . a display 2402. a 
2403. a recording medium 2404 and operation swrtch^ 
,o 2405. Thisd*rice utilizes ;a DVD jf^^S 
CD or the like as the recording medium andean be usea 
for enjoying music, movies and internet. The invention 
ray £ Applied to the display 2402 and other signal 

, 5 Si 11F shows a digital camera which is 

Ed by a main body 2501. a display 2502. an eye- 
ScT 2 503 operation switches 2504 and an image 

applied to the display 2502 and other signal control ar- 
20 Sl?71 Fig. 12A shows a front type projector which is 
foVmed by a display 2601 and a screen 2602. The inven- 
tioTmay be applied to the display and other signal con- 

* 12B shows a rear type projector which is 

tomi by a main body 2701. a display 2702 a minor 
Swand a saeen 2704. The invention may be applied 
to the display and other signal control circurts 
[01391 Fig. 12C shows an example of « ^structure for 
30 L displays 2601 and 2702 in Figs. 12A and 12ft 
respectively in which displays 2601 anc I 2702 _ are 
formed by a .ight source optic^system 2M1. ^ro^s 
2802 2805. 2806 and 2807. dichroic minors 2803 and 
IK", optica, lenses 2808. 2809 and 281 1 . 
as disDlavs 2810 and a projection optical system 2812. 
Z projection optica, system 2812 is ^strtut^ byan 
optical system including a projection lens^WhUe an 
Sample a three-plate system utilizing three liquid 
cTS displays 2810 is described in this embodiment 
40 the invention is not limited thereto and. for ^mpl^ 
single-plate system may be used. A person who can.es 
out V invention may provide an ^opnate optical 
system such as an optical lens, a film having a polar.z- 
5 Son. a film for adjusting a phase difference or an 
« IR film in the light path indicated by the arrow ,n Fig. 

!oi401 Fig. 12D shows an example of a structure of 
Km souroe optica, system 2801 in ^f^the 
present embodiment the light source optical system 
50 2801 is formed by light sources 2813 and 2814. _a com- 
posite prism 2815. collimator lenses 2816 and 2820 
Ens anays 2817 and 2818 and a polarizing conversion 
element 2819. While two light 

light source optical system shown in , Fig. 12D, three or 
55 four or even more light sources may be used and alter- 
natively, only one light source may be used. A person 
who carries out the invention may provide an appropri- 
ate optical system such as an optical lens, a film having 
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a polarizing function, a film for adjusting a phase differ- 
ence or an IR film in the light source optical system. 
[0141 ] As described above, the present invention has 
a wide range of application and can be used for elec- 
tronic equipments in any field. The configuration of an s 
electronic equipment according to the present embodi- 
ment may be any combination of the first through sixth 
embodiments, and the embodiments may be used in 
any combination. Electro-optical devices and semicon- 
ductor circuits according to the seventh through elev- to 
enth embodiments may also be freely combined. 
[0142] The present invention makes it possible to pro- 
vide TFTs having an LDD structure which has high 
reproducibility, improves the stability of TFTs and pro- 
vides high productivity. is 
[0143] The use of the invention allows a user to form 
a desired LDD region on both sides or one side of the 
channel formation region of a TFT by determining the 
design for the second mask appropriately in accordance 
with requirements associated with the circuit configure- 20 
tion. For example, it is possible to form a first n-channel 
type TFT having a first LDD region with a width in the 
direction of the channel length in the range from 0.5 to 3 
lim and typically in the range from 1 to 2 jim and a sec- 
ond n-channel type TFT having a second LDD region 25 
with a width in the direction of the channel length in the 
range from 0.3 to 2 nm and typically in the range from 
0.3 to 0.7 urn. 

[01 44] The masks used to form an LDD structure can 
be used as they are as light-blocking films, thereby pro- 30 
tecting the active layer especially the channel formation 
region from deterioration associated with light to 
improve reliability. TFTs can be manufactured in a short 
period of time by deleting the mask removing step. 
[0145] The use of the present invention makes it pos- 35 
sible to form an LDD region with a number of masks 
(seven masks at the minimum) as follows which is less 
than the number of masks required according to the 
prior art up to the formation of a source or drain elec- 
trode (eight masks at the minimum). 40 

Mask No. 1 for forming gate lines 

Mask No. 2 for forming islands 

Mask No. 3 for forming a second mask 

Mask No. 4 for forming a doping mask to provide p- 45 

type conductivity 

Mask No. 5 for forming contact holes for source and 
drain regions 

Mask No. 6 for forming a contact hole for a gate line 
Mask No. 7 for forming source and drain electrodes so 

[0146] Since the present invention can be carried out 
using a conventional production line for amorphous sili- 
con TFTs as it is only by introducing several devices, 
there are industrial advantages. ss 
[0147] In addition, since masks serve as insulating 
films at intersections between gate lines and other lines, 
a line capacity can be reduced to improve the electrical 



characteristics of a TFT. 

[0148] By forming a gate insulating film and a semi- 
conductor film into a multiplicity of layers without expos- 
ing them to the atmosphere, a quite clean interface can 
be provided between them. Especially, since such a 
configuration makes it possible to keep an interface 
between an active layer and a gate insulating film which 
determines the electrical characteristics of TFTs clean, 
TFTs having less variation and preferable electrical 
characteristics can be provided. 
[01 49] The threshold voltage which is a typical param- 
eter of a TFT can be in the range from -0.5 to 2 V for an 
n-channel type TFT and can be in the range from 0.5 to 
-2 V for a p-channel type TFT. A sub-threshold coeffi- 
cient (S-value) in the range from 0.1 to 0.3 V/decade 
can be achieved. 

Claims 

1 . A semiconductor device comprising: 

a gate fine formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

a channel formation region formed over said 
gate line with said gate insulating film inter- 
posed therebetween; 

a low density impurity region in contact with 

said channel formation region; 

a high density impurity region in contact with 

said low density impurity region; 

a protective film in contact with said channel 

formation region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contact with said protective film. 

2. A semiconductor device according to claim 1 
wherein said gate line has a single-layer or multi- 
layer structure and is made of one kind of element 
selected from among tantalum, copper, chromium, 
aluminum, molybdenum, titanium and silicon or a 
material primarily constituted by silicon doped with 
a p-type or n-type impurity. 

3. A semiconductor device according to claim 1 
wherein said trivalent or pentavalent impurity is 
phosphorus or boron respectively. 

4. A semiconductor device according to claim 1 
wherein said organic resin has photosensitivity 

5. A semiconductor device according to claim 1 
wherein the density of said trivalent or pentavalent 
impurity in said organic resin is 1 X 10 19 atoms/cm 3 
or more. 

6. A semiconductor device according to claim 1 
wherein a catalytic element for promoting the crys- 
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tallization of silicon is included in said high density 
impurity region. 

7. A semiconductor device according to daim 6 
wherein said catalytic element is at least one or a 
plurality of elements selected from among Ni, Fe, 
Co, Pt. Cu and Au. 

8. A semiconductor device according to claim 6 
wherein said catalytic element is Ge or Pb. 

9. A semiconductor device according to claim 1 
wherein semiconductor device includes a semicon- 
ductor circuit comprising a microprocessor, signal 
processing circuit or high frequency circuit 

10. A semiconductor device according to daim 1 
wherein said semiconductor device is an electro- 
optical device or electronic equipment 

11. A semiconductor device according to claim 10 
wherein said electro-optical device is a liquid crystal 
display EL display, EC display or image sensor. 

12. A semiconductor device according to claim 10 
wherein said electronic equipment is a video cam- 
era, digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant. 

13. A semiconductor device comprising: 

a gate line formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

a channel formation region formed on said gate 
line with said gate insulating film interposed 
therebetween; 

a low density impurity region formed on one 
side of said channel formation region; 
a drain region constituted by a first high density 
impurity region in contact with said low density 
impurity region; 

a source region constituted by a second high 
density impurity region formed on the other 
side of said channel formation region; 
a protective film in contact with said channel 
formation region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contact with said protective film. 

14. A semiconductor device according to claim 13 
wherein said gate line has a single-layer or multi- 
layer structure and is made of one Kind of element 
selected from among tantalum, copper, chromium, 
aluminum, molybdenum, titanium and silicon or a 
material primarily constituted by silicon doped with 
a p-type or n-type impurity. 



15. A semiconductor device according to daim 13 
wherein said trivalent or pentavalent impurity is 
phosphorus or boron respectively. 

s 16. A semiconductor device according to daim 13 
wherein said organic resin has photosensitivity 

17. A semiconductor device according to daim 13 
wherein the density of said trivalent or pentavalent 

io impurity in said organic resin is 1 x 1 0 19 atoms/cm 3 
or more. 

18. A semiconductor device according to daim 13 
wherein a catalytic element for promoting the crys- 

15 tallization of silicon is included in said high density 
impurity region, 

19. A semiconductor device according to daim 18 
wherein said catalytic element is at least one or a 

20 plurality of elements selected from among Ni, Fe, 
Co, Pt, Cu and Au. 

20. A semiconductor device according to daim 18 
wherein said catalytic element is Ge or Pb. 

25 

21. A semiconductor device according to daim 13 
wherein semiconductor device includes a semicon- 
ductor circuit comprising a microprocessor, signal 
processing circuit or high frequency circuit. 

30 

22. A semiconductor device according to daim 13 
wherein said semiconductor device is an electro- 
optical device or electronic equipment. 

35 23. A semiconductor device according to daim 22 
wherein said electro-optical device is a liquid crystal 
display, EL display, EC display or image sensor. 

24. A semiconductor device according to daim 22 
40 wherein said electronic equipment is a video cam- 
era, digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant 

45 25. A semiconductor device comprising: 

a gate line formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

so a channel formation region formed over said 

gate line with said gate insulating film inter- 
posed therebetween; 

a first low density impurity region and a second 
low density impurity region in contact with said 
55 channel formation region; 

a high density impurity region on contact with 
said first low density impurity region and said 
second low density impurity region; 
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a protective film in contact with said channel 
formation region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contact with said protective film, 
wherein the width of said first tow density impu- 
rity region in the direction of the channel length 
is different from the width of said second low 
density impurity region in the direction of the 
channel length. 

26. A semiconductor device according to claim 25 
wherein said gate line has a single-layer or multi- 
layer structure and is made of one kind of element 
selected from among tantalum, copper, chromium, 
aluminum, molybdenum, titanium and silicon or a 
material primarily constituted by silicon doped with 
a p-type or n-type impurity. 

27. A semiconductor device according to claim 25 
wherein said trivalent or perrtavalent impurity is 
phosphorus or boron respectively. 

28. A semiconductor device according to claim 25 
wherein said organic resin has photosensitivity 

29. A semiconductor device according to claim 25 
wherein the density of said trivalent or perrtavalent 
impurity in said organic resin is 1 X 10 19 atoms/cm 3 
or more. 

30. A semiconductor device according to claim 25 
wherein a catalytic element for promoting the crys- 
tallization of silicon is included in said high density 
impurity region. 

31. A semiconductor device according to claim 30 
wherein said catalytic element is at least one or a 
plurality of elements selected from among Ni, Fe, 
Co, Pt, Cu and Au. 

32. A semiconductor device according to claim 30 
wherein said catalytic element is Ge or Pb. 

33. A semiconductor device according to claim 25 
wherein semiconductor device includes a semicon- 
ductor circuit comprising a microprocessor, signal 
processing circuit or high frequency circuit. 

34. A semiconductor device according to claim 25 
wherein said semiconductor device is an electro- 
optical device or electronic equipment 

35. A semiconductor device according to claim 34 
wherein said electro-optical device is a liquid crystal 
display, EL display, EC display or image sensor. 

36. A semiconductor device according to claim 34 
wherein said electronic equipment is a video cam- 



era, digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant 

5 37. A method for manufacturing a semiconductor 
device comprising the steps of: 

sequentially forming a gate insulating film and 
an initial semiconductor film on an insulating 
10 surface having gate lines formed thereon such 

that they are stacked without being exposed to 
the atmosphere; 

crystallizing said initial semiconductor film by 
irradiating it with infrared light or ultraviolet light 

75 to form a crystalline semiconductor film and an 

oxide film simultaneously; and 
covering a region to become a channel forma- 
tion region of said crystalline semiconductor 
film with a mask and doping a region to 

20 become a source region or drain region of said 

crystalline semiconductor film with a trivalent or 
perrtavalent impurity element through said 
oxide film. 

25 38. A method according to claim 37 further comprising 
the step of retaining a catalytic element for promot- 
ing the crystallization of silicon in contact with the 
surface of said initial semiconductor film or within 
said film after said step of forming the gate insulat- 

30 ing film and the initial semiconductor film. 

39. A method according to claim 37 wherein contami- 
nants on the surface of on which said initial semi- 
conductor film is to be formed are reduced using 

35 active hydrogen or a hydride. 

40. A method according to claim 37 further comprising 
the step of forming a multi-layer film including a sili- 
con nitride film as arty of the layers as said gate 

40 insulating film. 

41. A method according to claim 37 further comprising 
the step of forming a multi-layer film including ben- 
zocyclobutene as a part of said gate insulating film 

45 

42. A method for manufacturing a semiconductor 
device comprising the steps of: 

sequentially forming a gate insulating film, an 
so initial semiconductor film and an insulating film 

on an insulating surface having gate lines 

formed thereon such that they are stacked 

without being exposed to the atmosphere; 

crystallizing said initial semiconductor film by 
55 irradiating it with infrared light or ultraviolet light 

through said insulating film to form a crystalline 

semiconductor film; and 

covering a region to become a channel forma- 
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tion region of said crystalline semiconductor 
film with a mask and doping a region to 
become a source region or drain region of said 
crystalline semiconductor film with a trivalent or 
pentavalent impurity element through said 5 
oxide film. 

43. A method for manufacturing a semiconductor 
device according to claim 42 wherein said gate 
insulating film, said initial semiconductor film and 10 
said protective film are formed using different 
chambers. 

44. A method for manufacturing a semiconductor 
device according to claim 42 wherein said gate 15 
insulating film, said initial semiconductor film and 
said protective film are formed using the same 
chamber. 

45. A method for manufacturing a semiconductor so 
device according to claim 42 wherein said gate 
insulating film and said protective film are formed 
using a first chamber and wherein said initial semi- 
conductor film is formed using a second chamber. 

25 

46. A method according to claim 42 further comprising 
the step of retaining a catalytic element for promot- 
ing the crystallization of silicon in contact with the 
surface of said initial semiconductor film or within 
said film after said step of forming the gate insulat- 30 
ing film and the initial semiconductor film. 

47. A method according to claim 42 wherein contami- 
nants on the surface of on which said initial semi- 
conductor film is to be formed are reduced using 35 
active hydrogen or a hydride. 

48. A method according to claim 42 further comprising 
the step of forming a multi-layer film including a sili- 
con nitride film as any of the layers as said gate 40 
insulating film. 

49. A method according to claim 42 further comprising 
the step of forming a multi-layer film including ben- 
zocyclobutene as a part of said gate insulating film 45 
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Fig. 4A 
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